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FEMTOSECOND LASER ASSISTED CATARACT SURGERY ALTERED 
PROCEDURE PROOF OF CONCEPT ANALYSIS 
BRIAN CISZEWSKI 
ABSTRACT 
Cataract surgery is one of the most common procedures performed in the entire 
world. Cataracts are inevitable in anyone who live to old age and as the global 
population continues to age, the number of cataract surgeries that are expected to 
be performed each year is only expected to increase. The procedure is also one of 
the oldest and has matured a substantial amount since its first utilization but it is 
still not perfect. It is crucial that we continue to improve to procedure in pursuit 
of improved post-operative outcomes for patients. In this study, a delayed 
phacoemulsification after the femtosecond laser anterior capsulotomy and lens 
fragmentation was introduced into the procedure with the hypothesis that this 
may allow the cataract to hydrate and soften, leading to an intraoperative 
reduced phacoemulsification power and a post-operative preservation of the 
corneal endothelium in grade 4 nuclear cataracts. This study is a new study with 
very little data collected so far but it is planned that we will initially perform the 
procedure on 10 patients with bilateral grade 4 cataracts. Each patient will have 
the new procedure done on one eye and then the typical cataract surgery 
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procedure done on the other eye to be used as a statistical comparator. This 
thesis specifically explores the concept of introducing a delay between the 
capsulotomy and the phacoemulsification process and the safety and feasibility 
of such procedure in practice. The new procedure, so far, has been performed on 
one patient with the surgery data for the other eye currently pending. Relevant 
data such as cumulative dissipated energy and intraocular pressures were 
recorded during and after the surgery for future comparisons. Without a 
complete set of data, a statistical conclusion cannot be made about the efficacy of 
the new procedure, but as addressed in this thesis, the procedure has been 
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 As more countries continue to develop around the world, an increasing 
percentage of national populations are progressing to old age causing an increase 
in the prevalence of age related diseases worldwide. Among one of the most 
common diseases of aging, cataracts are one of the leading causes of blindness 
and affect almost everyone who survives into old age. Although most cataract 
cases are age related, there are some etiologies that are secondary to other 
diseases such as diabetes, trauma, and drug induced that are also relatively 
common (Asbell et al., 2005). Cataract surgery is widely considered to be the 
most common surgery in the developing and developed world. Over ten million 
cataract procedures are performed each year worldwide with approximately 3.8 
million cataract procedures performed in the United States in 2019 (Asbell et al., 
2005). A total of approximately 46% of the 180 million people currently 
categorized by being visually disabled worldwide have been diagnosed with 
cataracts (Asbell et al., 2005). For decades, cataracts have been a leading public 
health issue despite major advances in treatment for the disease. The disease will 
continue to grow in importance as the average life expectancy continues to 
lengthen and the global population continues to increase (Asbell et al., 2005). 
 
2 
Currently, the most effective treatment for cataracts is surgery which can be 
expensive. 1.35 million cataract surgery procedures were performed per year in 
the late 1990’s which cost the United States $3.4 billion (KJ Johns et al., 2003). It is 
imperative that research on cataract surgeries continues in order to find more 
effective, cheaper procedures as more people around the world inevitably 
develop this debilitating disease. As the number of cataract cases and procedures 
rise every year, it is vital that more data is gathered and analyzed in order to 
continue to improve the efficiency and safety of achieving the desired level of 






Figure 1. Relative prevalence of certain eye pathologies in the United 
States. Adapted from “Age-related cataracts,” by Asbell P.A. et al. 2005, 
Lancet (London, England), 365(9459), 599–609.   
Pathogenesis 
There are a few different types of cataracts; nuclear sclerotic, subscapular, 
and cortical. Cataracts can be caused by age related factors, trauma to the eye, 
excess ultraviolet light, dehydrating diseases, malnutrition, diabetes, congenital 
disorders, and atopic disorders. By far the most common type of cataracts found 
in the normal population is the nuclear cataract as it is a normal symptom of 
aging (Asbell et al., 2005). The lens is one of the few tissues in the body that 
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continues to grow throughout the lifetimes of humans. New lens fibers are 
constantly being produced as old fibers are not being removed causing an 
increase in lens fiber density which results in opacification as aging progresses 
(Asbell et al., 2005). In addition to this processes, there is also an accumulation of 
yellow and brown pigment which accumulates within the lens which further 
decreases the transmission of light through the lens. 
There are many causes of cataracts including trauma, developmental 
abnormalities, metabolic disorders, drug-induced changes, and most commonly, 
age (Asbell et al., 2005). 
Nuclear cataracts are the most common of the three types of cataracts 
(Asbell et al., 2005). As new lens fibers are deposited in the lens nucleus as aging 
occurs, the lens nucleus becomes denser and increasingly opacified (Asbell et al., 
2005). The progression of this type of cataract takes years to develop and can 
cause a myopic shift in the lens refraction and can sometimes allow the patient to 
no longer have a need for reading glasses (Asbell et al., 2005). 
Cortical cataracts are caused when discrete opacities are developed in the 
cortex of the lens (Asbell et al., 2005). As more lens fibers are deposited on the 
periphery of the cortex of the lens underneath the lens capsule, cortical spokes 
can develop (Asbell et al., 2005). These spokes do not usually affect the vision of 
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the patient unless they encompass the entire cortex or if they develop within the 
visual axis (Asbell et al., 2005). Patients diagnosed with cortical cataracts often 
report nighttime glare as the pupil dilates. 
Posterior subcapsular cataracts occur when opacities form in the posterior 
area of the cortex just deep to the lens capsule (Asbell et al., 2005). It is common 
for patients with this type of cataract to reports seeing glare in their vision from 
the scattering of incoming light by the granular opacities towards the posterior of 
the lens (Asbell et al., 2005). These cataracts often become visually significant 




Figure 2. Three most common types of cataracts found in patients. 
Adapted from “Age-related cataracts,” by Asbell P.A. et al. 2005, Lancet 
(London, England), 365(9459), 599–609.   
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Cataracts are classically categorized into four stages depending on the 
characteristic of the lens as viewed by the ophthalmologist. The first stage, 
known as the Early Stage, the patient may begin to notice gradually increasing 
difficulty in accommodating as they shift their focus from near and far objects. At 
this early stage, areas of lens opacities can be observed but do no significantly 
obstruct the patients vision or cause significant glare. The patient may experience 
some mild clouding of their vision or notice increased eye strain and light 
sensitivity with glare (National Eye Institute, 2019).  
In the second stage, known as the Immature Stage, the patient will begin 
to experience significant clouding which will start to obstruct their vision. 
Significant opacity in the lens can be seen likely from the center of the lens in the 
case of nuclear cataracts, or on the posterior hemisphere of the lens in the case of 
posterior subscapular cataracts. The patient will begin to experience increasingly 
blurred, dimmed, and double vision at this stage of progression (National Eye 
Institute, 2019). 
The third stage, also known as the Mature Stage, is characterized by the 
lens appearing to be completely opaque and either a white or amber color. 
Patients often report have altered quality of life once their cataracts reach this 
stage because of the severe decrease in vision. Refractive correction back to 20/20 
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vision at this stage is not possible and the patients only hope of restoring their 
quality of vision at this stage is removal of the lens and insertion of an artificial 
intraocular lens (National Eye Institute, 2019). 
Stage four cataracts, also known as the hyper mature stage, is the final and 
most severe stage of cataracts. The lens is often characterized as being a deep 
brown or yellow color with scattered white spots. As the crystalline proteins 
within the lens continue to condense, the lens itself will begin to shrink and 
fragments of the lens may break off leading the eye to develop secondary 
glaucoma. Just as during the third stage of cataract progression, the only hope for 
the patient to restore their previous vision and quality of life is cataract surgery 
to remove the lens and insert an intraocular lens (National Eye Institute, 2019). 
Risk Factors 
The risk of cataracts inevitably increases as age increases no matter the 
individual patient’s genetics, background, or lifestyle. Certain habits such as 
smoking, drinking, drug abuse, and inadequate protection from ultra-violate 
radiation can greatly increase patients risk for developing cataracts. Also, 
preexisting conditions such as diabetes and hypertension and a family history of 
cataracts can all significantly increase the risk and accelerate the formation of 
cataracts (National Eye Institute, 2019).  
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It is widely known that glucocorticoids such as the common eye drop, 
prednisolone acetate, is the cause of early posterior subcapsular cataract 
formation (Kasturi, & Sammaritano, 2016). In one study, it was found that a 
possible key role in the formation of cataracts by steroid overuse is the activation 
of glucocorticoid receptors. This causes changes to the transcription of many 
important genes related to suppressed cell differentiation and increased cell 
proliferation (James 2007). As with many other cells in the human body, these 
changes due to glucocorticoid overuse are found to happen in the lens epithelial 
which may cause the rapid formation of new lens fibers and subsequent lens 




Table 1. Risk factors for development of cataracts and the evidence which 
supports them. Adapted from “Age-related cataracts,” by Asbell P.A. et al. 2005, 





The most common symptom of cataracts is the worsening of the patients’ 
visual acuity and the presentation of halos and glares in the patients’ vision as 
light is scattered throughout the increasing sclerotic lens (Kohnen, 2009). It is also 
common for the patients to experience a myopic shift in their vision as the lens 
increases in myopic power (Ezra, & Allan, 2007). Ophthalmologists detect 
cataracts by dilating the eye and examining the anterior segment with the use of 
slit-lamp biomicroscopy (Kohnen, 2009). The ophthalmologist can determine the 
area and degree of opacification as well as the relation to the optical axis of the 
eye (Kohnen, 2009). 
Cataract Surgical Technique 
It is important that the patient undergo a myriad of tests before surgery to 
obtain a baseline for comparison for post-surgery and to calculate the correct 
dioptric power of the IOL (Intraocular lens) to be implanted in place of the 
corrupted lens (Albert, & Miller, 2008). 
Surgeons used to preoperatively give an antibiotic drop to use for a few 
days as a prophylaxis to decrease the number of surface bacteria on the surface of 
the eye (Kohnen, 2009). It is now more common for surgeons to use betadine and 
either topical or intracameral antibiotics after surgery to reduce the chance of 
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selecting for antibiotic resistant bacteria on the surface of the eye. The point of 
this is to reduce the chance of intraocular infection of the eye after the cataract 
procedure (Kohnen, 2009).   
The vast majority of cataract surgeries in the United States and European 
Union are now performed in outpatient settings (Leaming, 2006). Immediately 
before the procedure, the patient’s surgical eye is dilated allowing full access to 
the lens and anterior chamber (Leaming, 2006). To begin the procedure, suture-
less, self-sealing incision tunnels are made in either the lateral cornea or sclera to 
give access to the anterior chamber for the cataract extraction and foldable 
intraocular lens insertion (Leaming, 2006). Sometimes, if the patient presents 
with a corneal astigmatism, an incision can be made on the steep meridian of the 
astigmatism to reduce it (Volkmer et al., 1996). Recently designed techniques 
have reduced the incision to no larger than 2 millimeters and require the use of 
flexible intraocular lenses and extremely fine surgical instruments to fit through 
the tunnels formed by the surgeon (Mazal, 2004). 
Techniques of Anterior Capsulotomy 
 Can-opener capsulotomy. The anterior capsulotomy method has 
stemmed from the can-opener capsulotomy and the circular capsulorhexis 
method (Sharma et al, 2019). One of the early techniques of capsulotomys was 
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called the can opener technique. In this technique, the surgeon would make a 
series of small tears in the anterior lens capsule using a bent needle called a 
cystitome (Kwitko, & Simcoe, 1998). The tears would be made in an almost 360-
degree circular fashion around the anterior portion of the lens capsule to create a 
capsular flap (Sharma et al., 2019). The flap would then be reflected to expose the 
lens and the whole lens would then be extracted through opening (Sharma et al., 
2019). There were many complications with this technique of capsulorhexis. This 
technique made it unsuitable for any sort of phacoemulsification and a major 
failure of the capsular bag can occur because the exposed tags of the membrane 
can induce tears that can extend to the posterior portion of the lens capsule 
(Sharma et al., 2019). Also, the overhanging tags of the flap can occlude portholes 
for aspiration and can impede removal of cortical lens matter (Sharma et al., 
2019).  
Envelope capsulotomy. Another type of capsulorexis technique is the 
envelope capsulotomy. The technique begins by making an incision in the upper 
one third of the lens capsule (Sharma et al., 2019). Radial cuts are then made at 
the ends of the incision which allows the flap to be torn and reflected back after 
intracapsular aspiration of lens mater is performed (Sharma et al., 2019). This 
technique has a major advantage to the can opener capsulotomy in that it can 
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ensure successful placement of posterior chamber IOL. Another major advantage 
is that it allows for good centration of the IOL and the technique leaves minimal 
trauma to the corneal endothelium (Haigh et al., 1995)4. One complication with 
this particular technique can stem from incompletely removed capsular flaps can 
cause free floating tags that can get stuck to the inner part of the pupillary 
margin which may cause postoperative dyscoria (Ndiaye et al., 1999). 
Continuous circular capsulotomy. Since the continuous circular 
capsulorhexis was first developed, it has been the go-to technique for surgeons 
for anterior capsulotomy. This is a manual technique that begins by creating a 
small tear in the center of the anterior section of the capsule (Sharma et al., 2019). 
The tear is then advanced to the desired radius of the capsulotomy and continues 
in a circular fashion using a cystitome (Sharma et al., 2019). The CCC can also be 
performed by repeated re-grasping and tearing of the flap with forceps (Sharma 
et al., 2019). Many other popular techniques and instruments have been 
developed to perform the continuous circular capsulorhexis including 
development of the femtosecond laser assisted capsulotomy (Sharma et al., 2019). 
Continuous development of the CCC technique has caused a surge in 
effectiveness and safety of modern cataract removal by phacoemulsification 
(Gimbel, & Neuhann, 1990). It is important for the surgeon to create a well-
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centered and properly sized capsulorhexis in order to perform a successful 
phacoemulsification of the cataract lens (Sharma et al., 2019). A centered and 
properly sized capsulorhexis also allows for proper intraocular lens positioning 
with optimal rotational stability and ensures effective performance of other steps 
of the procedure (Gimbel, & Neuhann, 1990). This technique creates a strong 
capsular rim that is resistant to tearing during the insertion of the intraocular 
lens and removal of the cortical lens matter (Sharma et al., 2019).  
The continuous circular capsulorhexis is the one of the best techniques for 
anterior capsulorhexis because the continuous smoothness of its edges prevents 
tearing of the capsular membrane and allows for the more accurate positioning 
of the lens optics within the capsular sac (Sharma et al., 2019). This helps to 
achieve the best optical outcome for the patient and also helps to decrease the 
frequency of posterior capsular opacification post operatively (Hollick et al., 
1999). If the diameter of the incision for this technique is sized too small, the 
intraocular lens could be forced posteriorly which may cause a hyperopic shift in 
the eye’s refractive error (Sharma et al., 2019). On the other hand, if the diameter 
of the incision is too large, the intraocular lens can translate toward the anterior 
of the lens sac causing a myopic shift in the refractive error of the eye (Sharma et 
al., 2019). Also, if the center of the circular incision is not centered on the anterior 
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portion of the lens sac, the intraocular lens can also become decentered or rotate 
causing a compromised retinal image or an astigmatism (Cekiç, & Batman, 1999). 
One study found that the refractive outcome was not necessarily related to 
centration/circularity of the capsulorexis but de-centration of the center of the 
intraocular lens by 0.4 millimeters was correlated with a 0.25 diopter shift in 
spherical power equivalent (Sharma et al., 2019). 
It is noted that the size of the diameter of the capsulorhexis should be 
between 5 and 6 millimeters, with the ideal size being 5.5 millimeters (Sharma et 
al., 2019). This size for the capsulorhexis allows it to be compatible with the 
phacoemulsification procedure (Sharma et al., 2019). It is sometimes acceptable 
for the capsulorhexis to be 0.5 to 1.0 millimeters larger in eyes with relatively 
weak zonules (Arshinoff, 1992). This theoretically helps to prevent capsule 
contracture which may cause the intraocular lens to decenter. There has been less 
wrinkling of the lens capsule associated with procedures where a small 
capsulorhexis between 4.5 and 5.0 millimeters was created as compared to 
procedures where a larger capulorhexis was made (Hollick et al., 1999). There are 
multiple complications and disadvantages, intraoperatively and post operatively, 
associated with the creation of a smaller capsulorhexis. Similar to other types of 
capsulorhexis such as CCC, anterior radial tears of the lens capsule can occur 
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(Olali et al., 2007). During the vast majority of cases where capsule tears were 
recorded, it was found that the most frequent step where tearing occurred was 
during the capsulorhexis of the lens capsule (Marques et al., 2006). It has been 
known for a long time that radial tears of the lens capsule increase the frequency 
of post-operative and –intraoperative complications (Carifi et al., 2015). 
Femtosecond laser-assisted capsulotomy. The femtosecond laser-assisted 
capsulotomy has allowed for surgeons to create perfectly sized and perfectly 
circular capsulotomies and soften the cataract before performing the 
phacoemulsification step in order to reduce the energy input needed to 
completely emulsify the lens (Sharma et al., 2019). The softening of the lens using 
the femtosecond laser prior to has been shown reduce the cumulative dissipated 
energy (CDE) in the phacoemulsification process (Joo et al., 1996). Less CDE 
during phacoemulsification is correlated to a limited reduction in post-operative 
endothelial cell count (Joo et al., 1996). This type of capsulotomy using the 
femtosecond laser are able to create incisions that are uniformly circular, and 
with a precise diameter when compared to capsulotomies performed manually 
(Sharma et al., 2019). This method of capsulotomy allows for reduced frequency 
of radial tears (Sharma et al., 2019). Studies have shown that the capsulotomy 
diameter created by the femtosecond laser are very close to the measurement 
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intended by the surgeon (Nagy et al., 2009). The femtosecond laser is incredibly 
accurate and is able to be programed to create an incision from 100 micrometers 
below to 100 micrometers above the anterior capsule (Dilraj, 2016). Because of the 
perforated kind of incision that the femtosecond laser creates in the membrane, 
the integrity of the capsulotomy can be compromised (Sharma et al., 2019). 
Studies have shown the femtosecond laser-assisted capsulotomy technique 
incisions were made more precisely and the membrane integrity was left 
stronger compared to more conventional manual techniques (Packer et al., 2015). 
In one study, it was found that because of the characteristic perforations that the 
femtosecond laser makes in the membrane, rate of anterior and posterior capsule 
tears is higher in this technique (Abell, 2014).  
Although the femtosecond laser technique of capsulorhexis is widely 
excepted to be one of the best techniques for the cataract surgery procedure, it 
does have its own complications (Sharma et al., 2019). During cataract surgeries, 
the patient is kept conscious and only local anesthetics and systemic anxiolytics 
are used for patient comfort (Sharma et al., 2019). The patient is required to keep 
his or her eye as motionless as possible during the procedure which increases the 
risk for possible movement while the femtosecond capsulorhexis is being 
performed (Sharma et al., 2019). Movement of the eye while the technique is 
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being performed, can cause imperfections in the incision that is being made in 
the anterior lens capsule which is known to cause an increase rate of post-
surgical capsule tearing (Sharma et al., 2019). Imperfections in the incisions or an 
inconsistent diameter of the capsulorhexis can become focal points for tearing to 
take place during or after the procedure (Abell, 2014).  Chang (2014) and Roberts 
et al. (2013) have observed in their studies either no difference in the rate of post-
surgical tearing of the membrane or a learning curve where the rate of membrane 
tearing observed actually decreases over time as experience with the procedure 
increases (Chang, 2014; Roberts et al., 2013). According to Roberts et al. (2013) 
and Auffarth et al. (2013), experiences worldwide for this particular 
capsulorhexis technique an insignificantly low rate of lens capsule post-surgical 
tears after the femtosecond-assisted capsulotomy (Auffarth et al., 2013; Roberts et 
al., 2013).  
Phacoemulsification 
Today, phacoemulsification is the most common form of cataract 
extraction (Alió, & Sanz, 2003). Phacoemulsification is an essential step in the 
process of removing the cataract from the lens capsule (Dick, & Schultz, 2017).  In 
phacoemulsification, a hollow surgical needle is inserted through the lateral 
incision made in either the cornea or sclera into the anterior chamber and is then 
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inserted through an opening in the anterior area of the capsular membrane, 
adjacent to the anterior segment of the lens (Kohnen, 2009). The lens is then 
broken apart by the hollow needle that vibrates at ultrasonic frequencies 
(Kohnen, 2009). The lens is then emulsified and aspirated through the needle into 
a bio-waste container (Kohnen, 2009). The technique uses high frequency sound 
waves in the ultrasound wave lengths to break apart the cataract before being 
aspirated through a tube out of the lens capsule (Dick, & Schultz, 2017). 
 In 2008, a new procedure utilizing the femtosecond laser called the 
femtosecond laser assisted cataract surgery (FLACS) was unveiled. This new 
technique aimed to reduce the phacoemulsification power and complication 
rates during cataract surgery (Nagy et al., 2009). This technique has proven to 
significantly reduce the ultrasound power of the phacoemulsification process as 
well as the mean effective phacoemulsification time. It can also potentially 
decrease cornea endothelial cell loss from reduced trauma from the decrease in 
phacoemulsification time and power (Nagy et al., 2011). It also helps to provide 
better precision and reproducibility during the anterior capsolotomy step of the 
cataract procedure (Nagy et al., 2011). The removal of grade four cataracts 
requires an immense amount of energy from the phacoemulsification machine 
which can damage the corneal endothelium. Femtosecond laser assisted cataract 
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surgery has proved to reduce the power required to break apart the grade four 
cataract by dividing the lens nucleus in to multiple very small pieces (Nagy et al., 
2009). The femtosecond laser vaporizes a grid pattern into the lens to soften the 
cataract which reduces the energy needed in the phacoemulsification process 
(see figure 3). This technique may reduce the prevalence of post-operative 
complications such as reduced corneal endothelial cell count. The study by Dick, 
& Shultz (2017) found that as their experience with the femtosecond laser-
assisted phacoemulsification increased, the amount of patients requiring 






Figure 3. Characteristic grid pattern cut into cataract by the femtosecond 
laser. Adapted from “Techniques of anterior capsulotomy in cataract 
surgery,” by Abell, R. G., Arora, T., Antony, T., & Vajpayee, R. B., Indian 
Journal of Ophthalmology, 67(4), 450–460. 
The phacoemulsification technique is also known to have its own post-
operative complications (Dick, & Schultz, 2017). The technique is known to cause 
a decrease in the number of corneal endothelial cells post-operatively (Dick, & 
Schultz, 2017). It is well known that the ultrasound applied from this technique 
can cause corneal endothelial cell damage due to thermal transmission and from 
the sonic waves inducing trauma to the cells (Walkow et al., 2000). The cell loss 
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for some patients after a cataract procedure utilizing phacoemulsification can 
sometimes be catastrophic if the corneal endothelial cell count drops below 500 
(Dick, & Schultz, 2017). This particular complication sometimes results in 
patients requiring a keratoplasty to treat the post phacoemulsification cell loss, 
termed pseudophakic bullous keratopathy (Dick, & Schultz, 2017). Pseudophakic 
bullous keratopathy is caused by corneal stromal edema with subepithelial 
bullae which is due to cell loss and endothelial decompensation through trauma 
caused by phacoemulsification (Pricopie et al., 2017). Although, improvements in 
the phacoemulsification technology and technique have made this post-operative 
side effect less common, Menucci et al. (2006) found that still a significant 
percentage of corneal endothelial cells were lost between 4% and 25% (Mecucci 
et al, 2006).  
Unintended Cases 
 Interestingly, there has been a recent unintended case where the physician 
had to end the surgery half way through. The surgeon was forced to abort the 
procedure immediately after the lens capsule had been opened because the 
patient suddenly went into cardiac arrest on the table in the operating room. The 
patient was resuscitated and stabilized and the cataract surgery was successfully 
completed with the phacoemulsification two days later. 
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 Although during the post-op exam on day 4 the patients intraocular 
pressure was measured to be 10mmHg and her IOP prior to the surgery was 
within normal range, it was noted that she might have had an increase in IOP 
sometime after the aborted surgery possibly because retained viscoelastic that 
was left in her eye as she was immediately transferred for medical evaluation. 
The patient also reported that she had pain around her eye the evening of the 
aborted surgery possibly from an elevated IOP. It was also noted that the patient 
had a superior optic disc hemorrhage presumably either from an elevated IOP 
between the aborted surgery or from the CPR that was performed during 
resuscitation. The surgeon stated that he was not completely sure that the patient 
did have an elevated IOP because her measured IOP’s before and after her 
surgery were well within the normal range.  
 In another unintended case, a 69-year-old female whose surgery was 
started by one surgeon, was aborted when the surgeon noticed zonular 
instability. The patient was then referred to Dr. Melki to complete the cataract 
procedure the next day. It was noted by Dr. Melki that the patient had 
significantly weak zonules and a complete capsulorhexis had been performed. 
There was minimal inflammation upon examination before the surgery was 
continued. The surgery was completed requiring an anterior vitrectomy and an 
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anterior chamber intraocular lens was placed. The 1-day post-op visual acuity 
was recorded to be 20/100 and the patient had an intraocular pressure of 14 
mmHg. The eye was noted to have an epiretinal membrane which is unlikely 
related to the delayed completion of the cataract surgery. The eye ultimately 
healed to a BCDVA of 20/30.  
As with our intended cases, there seemed to be no clinically significant 
consequence or inflammatory response at any point due to the delay in 
procedure. Just as our intended case, this unintended cases supports our 
hypothesis that introducing a 24 to 48-hour delay immediately after the lens 
capsule is opened is safe with a good outcome. 
Present Study 
 Our first hypothesis is that delaying the phacoemulsification process after 
the capsulotomy and femtosecond lens fragmentation is a safe procedure that 
can be done without any dangerous increase in intraocular pressure and without 
any major inflammatory response. Our second hypothesis of the study is that by 
delaying the phacoemulsification portion of the procedure by 24 to 48 hours after 
the capsulotomy and lens fragmentation, the cataract will be allowed to hydrate 
by the surrounding aqueous humor, softening it, which can be measured by a 
decrease in the cumulative dissipated energy (CDE) needed to emulsify the lens. 
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This thesis only provides a conclusion for our first hypothesis. As CDE increases, 
it is widely thought that the postoperative total endothelial cell count decreases, 
therefore we believe that reducing the total CDE during cataract surgery via this 
novel procedure, the total corneal endothelial cell count may be preserved. The 
deep grooves that are cut into the hard cataract will increase the surface area 
exposed to the aqueous humor environment and allow for access to the cortical 
lens environment by the aqueous humor. This will, in theory, allow for the 
cataract to hydrate over a 24 to 48-hour period, absorbing the aqueous humor 
like a sponge and softening it. A softer cataract will allow for less energy input 
during the phacoemulsification process, thus demonstrating the effectiveness of 
the delay introduced in the cataract surgery procedure. 
Risks of procedure. There are a few risks associated with these cataract 
surgery procedures. One major risk of these procedures is the possibility of a 
posterior subcapsular rupture (PSR). PSR occurs when the posterior aspect of the 
lens capsule ruptures causing the vitreous fluid to leak into the posterior 
chamber. This can result in loss of the vitreous fluid and cause complications 
such as floaters and infection. A disruption in the vitreous fluid can also cause a 
epiretinal membranes and retinal detachments due to its adherence and 
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subsequent traction on the retina (Astbury et al., 2008). PSR can be managed by a 
surgeon to achieve the best possible visual result (Astbury et al., 2008). 
Corneal edema is also a risk of this procedure. This pathology usually 
subsides after some time but it is possible that this edema may not resolve and 
will require a partial corneal transplant (DSEK or DMEK). Patients who are at 
higher risk of developing permanent or prolonged corneal edema are patients 
who undergo the procedure who have been diagnosed with corneal endothelial 
disorders such as Fuchs corneal dystrophy. Tears and detachment of the retina 
are also a significant risk of this particular procedure. Intraocular surgery 
increases the risk of retinal detachment even when there are no complications 
and the procedure is successful. Although, some retinal detachment cannot be 
repaired and cause loss of vision, most are easily repaired with minimal loss of 
vision. There is also a non-insignificant number of patients whose intraocular 
lens power selection is inaccurate which necessitates the need for glasses or 
contacts. Other surgical intervention such as LASIK, PRK, or intraocular lens 
exchange can be used to remediate the problem. De-centration of the intraocular 
lens can also become a problem after this procedure as it may cause unwanted 
halos and glaring of images. A small but non-insignificant percentage of patients 
have reported visual disturbances such as halos, starburst, and glares in their 
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vision. In extremely rare cases, if the cataract is especially hard or if the 
surrounding tissue is weak, a piece of the fragmented cataract can fall to the back 
of the eye through the vitreous fluid. If this rare event occurs, a retinal specialist 
may be required to perform a second surgery to remediate the problem. 
Although it is relatively rare, some complications associated with the use of the 
CATALYS System such as corneal swelling and corneal abrasions, mild 
subconjuntival hemorrhage which may last for a few weeks. Some other risks 
include endophthalmitis which can lead to complete or partial loss of vision and 
risk of the procedure is macular edema which usually subsides with time but is 
possible that it may not subside and can lead to vision loss. 
 Risks that may be related to the delayed phacoemulsification after 
femtosecond laser anterior capsulotomy cataract surgery procedure include 
anterior chamber inflammation and increased intraocular pressure. In 
inflammatory reaction may be induced when the anterior chamber is opened 
causing redness, pain, and swelling of the area. Patients will be prescribed 
steroid drops (prednisolone acetate 1%) preoperatively to minimize any 
inflammatory reaction such as this. Increased ocular pressure may be cause by 
the procedure as well but is likely to be transient and may continue after surgery. 
Patients will be prescribed preoperative intraocular pressure lowering drops 
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(timolol-dorzolamide) to use for up to seven days after the procedure to prevent 
this particular complication from occurring. 
 Intracameral and subconjunctival injections of antibiotics at the end of the 
cataract surgery procedure are used to prevent infections. Good intraoperative 
technique and clearing all of the remaining material and viscoelastic from the 
anterior chamber of the eye will prevent high post-operative intraocular 
pressure. All other listed complications after cataract surgery are very well 
understood, and they will be prevented by good surgical practices and 
techniques. 
Benefits of procedure. Patients vision will improve as a result of the 
cataract surgery procedure in both eyes. There is currently a plethora of scientific 
literature on the use of the femtosecond laser in cataract surgery and previous 
publications have proved femtosecond laser cataract surgery to be safe and 
successful. Delaying phacoemulsification after the femtosecond laser assisted 
capsulotomy has the potential to allow the nucleus to liquefy and may lead to 
less ultrasound energy needed for the phacoemulsification process and a 
reduction in total surgical time. This could preserve the patients’ corneal 
endothelial cells and prevent corneal failure and possible need for a corneal 





 In order for our selected patients to meet the inclusion criteria, they must 
have bilateral, grade four cataracts and a distance visual acuity of 20/100 or 
worse in both eyes. The exclusion criteria that prevents patients from being 
eligible for our study is more extensive and includes patients who have been 
diagnosed with glaucoma, uveitis, patients known to have diabetic retinopathy, 
age related macular degeneration or any other retinal diseases, patients with any 
anterior chamber malformation, patients with corneal scars, and patients who 
have poor pupillary dilation for any reason. Also, patients who are less than 22 
years of age which is a contraindication for the Catalys laser machine are 
excluded for eligibility of our study. Gender, race and ethnicities will not affect 
individual patient eligibility for the study because they are not expected to affect 
the outcome of the study. The study does not include vulnerable populations 
such as prisoners, pregnant women, and adults unable to consent (i.e., adults 
lacking decision-making capacity). The study also does not include other 
vulnerable patients including individuals who are not yet adults such as infants, 




 The study is designed with the goal of exploring the safety of the alternate 
cataract surgery procedure and comparing the dissipated ultrasound energy and 
endothelial cell count between each eye after having both the alternate and 
typical cataract surgery procedure completed. The study protocol was submitted 
to Sterling IRB and has been approved and all patients in this study have been 
consented. The patients that are enrolled in the study are followed for one month 
after surgery on each eye. It is estimated that the timeframe for the investigators 
to complete the study will be about one year. The goal is to include ten patients 
with grade 4 cataracts in both eyes. The recruitment site for our patients to enroll 
in the study is at the Boston Eye Group clinic at 1101 Beacon Street #6, Boston, 
Massachusetts 02446. All surgeries related to the study are performed at Surgisite 
at 1440 Main St., Waltham, Massachusetts 02451. During the recruitment process, 
each patient is thoroughly screened for eligibility and comprehensively 
examined by ophthalmologist, Dr. Samir Melki or Dr. Jason Brenner, at the 
Boston Eye Group. Tests and procedures such as fundus examinations, 
intraocular pressure measurements, visual acuities in both eyes, and slit lamp 
examinations are performed on each prospective patient in order to identify 
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patients with bilateral grade 4 cataracts and exclude patients with additional 
ocular pathologies included in our exclusion criteria. 
 As we identify patients that are eligible and willing to participate in the 
study, measurements of corneal endothelial cell count and an optical biometry 
utilizing the LENSTAR LS900 machine will be performed on both eyes of each 
patient to have the cataract procedure performed on. 
Consent Process 
 The consenting process takes place at the Boston Eye Group Clinic in 
Brookline, Massachusetts. The consent document is read by the enrolled patients 
and verbally explained by the clinician then signed by both the doctor and the 
patient. Adults with impaired decision capacity and minors are not be included. 
For enrolled patients who do not speak English, an interpreter is called via phone 
to explain the consent document to the patient. In this case, the consent 
document is signed by the patient, the doctor, and the interpreter’s name and 
phone number is documented. In order to ensure the patients complete 
understanding of the preoperative treatment, operative procedure, postoperative 
follow-ups, benefits, and alternatives, patients will be walked through every step 
of the study. This study has been approved by Sterling Institutional Review 




For the first eye to be operated on, preoperative preparation begins three 
days before the procedure. The enrolled patients are prescribed timolol-
dorzolamide and instructed to apply two drops per day in the eye to be operated 
on. The patients are also be prescribed prednisolone acetate 1% and instructed to 
apply four drops per day into the same eye. On day three, the patients continue 
to use the prescribed eye drops and the cataract surgery procedure is performed 
on the patient utilizing the femtosecond laser using the CATALYS® machine for 
the femtosecond laser capsulotomy and nuclear fragmentation creating octagonal 
cuts into the cataract to allow for an easier phacoemulsification. The patients are 
then instructed to go home and return back to the surgery center on the next day 
for the second phase of the procedure. On day four, phacoemulsification and 
intraocular lens implantation within the lens capsule is performed. At the end of 
the surgery, each patient is given a subconjunctival injection of triamcinolone 
and moxifloxacin and no postoperative drops is given or needed by the patient. 
The second eye operated on is at least one month after the operation on 
the first eye with the modified procedure. Just as the first eye, preoperative 
preparations begin three days prior to the cataract surgery procedure. The 
enrolled patients are prescribed timolol-dorzolamide and instructed to apply two 
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drops per day in the eye to be operated on. The patient is also prescribed 
prednisolone acetate 1% and instructed to apply four drops per day into the 
same eye. On day three, the patients continue to use the prescribed eye drops 
and the cataract surgery procedure will be performed on the patient utilizing the 
femtosecond laser using the CATALYS® machine for the femtosecond laser 
capsulotomy and nuclear fragmentation creating octagonal cuts into the cataract 
to allow for an easier phacoemulsification. On the same day, immediately after 
the femtosecond laser fragmentation of the cataract, phacoemulsification and 
intraocular lens implantation within the lens capsule is performed. At the end of 
the surgery, each patient is given a subconjunctival injection of triamcinolone 
and moxifloxacin and no postoperative drops is given or needed by the patient.  
Post-Procedural Analysis 
Intraoperative measurements relative to the study are taken for later 
comparisons. These measurements include total ultrasound time, total aspiration 
time, total intraocular surgery time, femtosecond energy output, torsional 
amplitude and volume used during surgery, total torsional energy time, and 
total ultrasound energy. These measurements will be statistically analyzed to 
identify possible patterns and determine the effectiveness of the new cataract 
surgery procedure as compared to the original surgical procedure. 
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After the surgery, patients are instructed to schedule follow-up 
appointments to allow for post-operative monitoring. Patients are scheduled to 
be examined at day one, day seven, and day thirty after each operation on each 
eye. At each post-operative follow-up appointment, patients intraocular pressure 
is measured as well as a slit lamp exam and anterior chamber inflammation are 
assessed.   
Postoperative parameters will also be recorded for statistical analysis. The 
parameters include endothelial cell density (cells/mm^2), polymegethism 
[coefficient of variation (CV)], average corneal cell area (μm^2), plemorphism (% 
of hexagonal cells), cell size distribution, and central corneal thickness 
(pachymetry). 
Data Analysis 
The program that will be used to analyze the recorded date is the SPSS 
19.0 (SPSS, Inc, Chicago, Illinois) program. For continuous variables such as total 
surgical time, total ultrasound power, and visual acuity, means and standard 
deviations (SD) will be used for analysis. For means of continuous variables that 
were measured between the eyes operated on one day following the 
femtosecond laser anterior capsulotomy and those operated on the same day as 
the femtosecond laser capsulotomy, the Mann-Whitney U-test will be used to 
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compare the two procedures. All p-values in this study will be considered 
significant if less than 0.05. This thesis does not contain any statistical analysis 
because by the time of publishing, a sufficient number of patients will have been 
enrolled in the study and not a sufficient amount of data will have been collected 
















 The question asked in this study addressed the viability of the alternative 
procedure. The study set out to prove that the new procedure is safe, and there is 
not a harmful inflammatory or intraocular pressure response that develops due 
to delaying the phacoemulsification phase of the procedure by 24 to 48 hours. 
 For the assessment addressed in this thesis, we enrolled one patient (N=1) 
and only the first surgery (alternative procedure) on her left eye was performed 
so far. The patients second surgery (unaltered cataract surgery procedure) was 
performed on April 14, 2021 but data has yet to be recorded for that procedure. 
We plan to enroll more patients as the study progresses (at least N=10) in order 
to obtain sufficient data to be analyzed and obtain a p value of at least 0.05. The 
study presented in this thesis has a very low power. The data collected from the 
procedure done on the first eye cannot be compared to the data done on the 
second eye and the data collected from individual patients cannot be compared 
to each other because only one patients has been enrolled in our study so far. 
The procedure was successfully performed on our one patient with no 
adverse inflammatory reaction or other harm to the patient’s eye. So far, our 
study has shown that introducing a delay in the cataract surgery procedure has 
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proven to be doable and safe with no massive inflammatory response or sharp 
sudden increase in intraocular pressure. 
Preliminary Data 
For the surgery on our patients first eye, a set of data was collected for 
future assessment. Before the procedure began, the patients central corneal 
thickness was measured to be 556 µm, aqueous depth was 2.5 mm, anterior 
chamber depth was 3.0 mm, lens meridian position was 4.8 mm, lens thickness 
was 5.0 mm, pupil diameter was 7.7/7.9 mm, and her white to white was 
measured to be 11.5/11.6 mm. During the surgery, the vacuum time (mm:ss) was 
1:51, laser time was 33.7 seconds.  
The capsulotomy was performed using the femtosecond laser with a 
diameter of 5.0 mm. The center method utilized was the scanned capsule method 
and the total laser time for the completion of the capsulotomy was 1.6 seconds. 
The incision depth of the capsulotomy was 600 µm the horizontal spot spacing 
was 5 µm, the vertical spot spacing was 10 µm, the pulse energy of the laser was 
4.0 µJ, and the total energy used for the femtosecond laser during the 
capsulotomy was 0.8 J.  
With use of the femtosecond laser, the cataract was then fragmented into 
octants to assist with the softening of the cataract and subsequent 
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phacoemulsification process. The total laser time for the lens fragmentation 
process was 26.3 seconds. There were 3 segmentation repetitions to insure that 
the depth of the incisions made by the laser into the cataract was adequate. The 
horizontal spot spacing of the laser was 10 µm, and the vertical spot spacing was 
10 µm. The pulse energy recorded was 5.0 µJ with an anterior line density of 10 
and an anterior line distance at 30%. The central line density was measured to be 
4 and the total energy used during the lens fragmentation process was 1.7 J. 
Photographs were taken of the patient’s left eye under the slit lamp just before 
the start of the first phase of the procedure showing the extreme cloudiness of 
the stage four cataracts (see Figure 4).  The first phase of the surgery was the 
surgery was completed at 12:22. The patient was then sent home and instructed 




Figure 4. Extreme cloudiness and pigmentation shown in a stage 4 
cataract.  
The total case time for the second phase of the procedure was 9 minutes 
and 20 seconds with a total aspiration time of 3 minutes and 51 seconds using an 
estimate mated 72 cc of fluid for the aspiration process. For the 
phacoemulsification process, the average torsional amplitude was measured to 
be at 43% and the average torsional amplitude (FP3) was 33.2%. The equivalent 
average torsional amplitude (FP3) was 13.3% and the total torsional amplitude 
on-time to be 1 minute and 14.7 seconds. The cumulative dissipated energy used 
was 14.52 J and the total ultrasound time was 1 minute and 20.8 seconds. The 
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average longitudinal power was at 27.3% with the average longitudinal power 
(FP3) measured at 1.7% and the total longitudinal power on time to be 6.1 
seconds and the equivalent average ultrasonic power (FP3) at 15%. The patients 
intraocular pressure was measured to be 17 mmHg and her visual acuity was 
measured to be within the expected range during the day one post-operative 
follow-up appointment. The patient was able to count 3 fingers at 3 feet. 
Photographs were taken with during the second phase of the surgery under the 
microscope to show the reflected anterior portion of the lens capsule and the 
hydrated cataract (see Figure 5). During the course of either phase of the 
procedure, there was no clinically increase in intraocular pressure or 



















The results of this study so far should be interpreted with caution because 
of the minimal amount of data that has been collected so far. We have not 
collected enough data to make any meaningful comparison to show that a 
delayed phacoemulsification after the capsulotomy can allow for a greater post-
operative preservation of the corneal endothelium in grade 4 nuclear cataracts. 
However, the study so far does show that introducing a delay between the 
femtosecond fragmentation and the phacoemulsification of the cataract is safe 
and feasible with a good post-operative outcome for the patient. 
Limitations and Future Directions 
The study as it is presented in this paper is in its early stages and more 
data is needed to make any useful statistical conclusions. Due to the small 
sample size and incomplete sets of data, no statistical analysis could be 
performed to show the true significance of the alternative procedure. However, 
this study, so far, does support the concept of introducing a delay between the 
femtosecond laser fragmentation of the cataract and the phacoemulsification 
processes. As predicted, there was no major inflammatory or intraocular 
pressure response and the lens did seem to soften from the absorption of the 
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aqueous fluid, but this cannot be determined to what extent because of 
incomplete data. 
 We planned to have more patients enrolled and more data collected by 
this time but because of the current pandemic, our patient recruiting was greatly 
limited. For our one patient that we have enrolled, the second surgery is planned 
for approximately one month after her first surgery, at which time, the data 
collect from her first eye surgery can be compared to the data collected from her 
second eye surgery and useful statistical analysis can be performed. 
 So far, this study shows significant promise in showing that introducing a 
delay in the surgery just before the phacoemulsification process can improve 
overall post-operative outcomes for patients. Cataract surgeries are the most 
performed procedures in the world and as the global population continues to 
age, the number of cataract surgeries performed is only expected to rise. It is 
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